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then attached to the ring and used to draw the valve opening to die configuration of the 
ring (which would be the approximate shape of she original valve annolus). Although 
Dr. Carpenter's method could significantly improve valve function, some surgeons 
believe thai the rigid structure of rings of this type may compromise the natural 
5 flexibility of die valve components. An open or partial ring anauioptesty prosthesis is 
described in U.S, Patent No. 4.164.(^46, it discloses a uniquely shaped open ring useful 
for mitral unu tricuspid annuiopSasiy having a special velour exterior. 

Subsequent, experimental and clinical eehoeardiographic studies showed that the 
mitral and tricuspid annul; change continuously in size and shape during the cardiac 

.10 cycle. These results induced Dr. Carlos Duran, in 1975, to develop a completely flexible 
ting that could adapt to such changes. His fully flexible annuioplasty ring could only be 
shortened in die posterior segment by the placement of placating sutures: however, 
judgment of the position, size and spacing of these sutures requires skill and experience. 
Other adjustable annuloplasty rings are described in U.S. Patent Nos. 4,042.9 79 and 

15 «.290,l.S], Another type of flexible ring design is shown in Patent No. 5,450,S6'0 which 
includes an open ring in the. form of a wide. flexible tigamem that ss implaated int<f the 
valve arm u has. The ligament is typically made of expanded poiytetrafiuoroeihylenc to 
provide ilexibiitty, promote tissue ingrowth arid allow sutures to readily pass 
therethrough. 

20 Although flexible rings may avoid constraining the natural flexibility of the 

annutus while still improving valve function., there are some disadvantages in using 
flexible rings. For example, when the suture spacing along the anrmlus is not matched to 
the spacing on the ring, tension it: the tissue may result and cause tissue puckering. Loss 
of asmulus flexibility may also occur over time should scarring and stiffening of the valv 

25 annul us develop as a result of the large number of sut ures seeded, and. such may result ir. 
a valve physiology that is similar to that of a rigid ring, somewhat compromising the 
natural flexibility of the valve. 

Studies were also done as to determine whether these flexible sanuloplasty rings 
would entirely correct the problems witnessed with regard to aauuloplasty rings in 

30 general. As a result, it is believed that such a flexible ri ng nuy lower the risk of 
dehiscence because of reduced tension on sutures that would otherwise occur during 
systole, and such may also reduce the negative consequences of somewhat inaccurate 
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placement of anaoloplasty ring sutures, which could result in. rnahotation of the ring. It 
is also felt that such may minimize the risk of systolic anterior motion (SAM) when a left 
ventricular outflow tract obstruction occurs, which is a potential and fairly frequent 
complication assoeiaied with the use of a coorpbtely rigid ring in the mitral position. 
However, they still have not proved to he a complete solution to these problems. 

With the improvements in cardiopuin.ior.iary bypass arid myocardial protection or 
one hand and in life expectancy 0.0 the other hand, an increase in interest in valve 
reconstructions and demand for improved novel technologies is foreseen. With careful 
patient selection, valve reconstruction should exhibit significant benefits compared with 
valve replacement, to svtt: { I) decreased operative mortality and late mortality rates; (2) 
improved hemodynamics due to better preservation of left ventricular function; (3) fewer 
thromboembolic complications and redneed risk anticoagulant-related hemorrhage, 
particularly when compared with the installation of mechanics; prostheses; (4) reduced 
risk c [ infected endocarditis, (5) greater durability leading to tower percentage of 
reoperations; and (6) reduced operating costs. 

hi summary, the prevailing techniques that are now used thro 0. ghost the world, 
without resorting to a full valve replacement, generally employ an amralopiasty ring 10 
reduce a great part of the eireumierenee of the valve. This is accomplished hy suturing 
info place an elastic, semi-rigid or rigid ring that is smaller than the native aurmhis being 
reduced; the. ring may be of a closed shape or an open band or C-shape. installation takes 
place using regular sutures, in much the same manner as when a full valve replacement is 
carried out. and the procedure may consume as much time as a f«U valve replacement, 
for example, an average of about 35 to 45 minutes. Accordingly, improved angioplasty 
systems and methods of reducing this time of surgery have continued to be sought. 

Sum mary of tnej oven Hun 
The invention provides an implantation system and a method for Implanting 
ariuuiop.lasty rings which not only can he accomplished in a reduced time period but 
winch is effective to achieve better coaptation of the iea.fl.els following implantation. The 
system results in improved hemodynamic functioning and substantially disninates the 
risk of o ver-correction. Staples are employed to affix the prosthesis to the patient's valve 
annuius in a manner to allow relative movement axially of the ring. 
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Such an implantation system may employ especially designed staples to Implant 
m ammloplasty ring that may he of essentially any design, open or closed, and the 
intention is to replace all the sutures previously used but the two trigonal sutures. Such 
staples can be delivered through a pistol-like applicator of the type generally used for 
5 surgical stapling to close wounds and the like, in one embodiment, the staples are 

initially implanted to provide a well defined and easily installed pathway through which a 
flexible annulopiasly device can be routed and rhen ultimately secured in place by 
nation to the two trigonal sutures. In other embodiments, staples are used vo implant a 
ring or a partial or open, ring of current design or 1.0 implant a fenestrated partial ring, that 

10 has been prepositioned in desired orientation on the patient's annulus. 

In one- specific aspect, the invention provides a method of reconfiguring an 
atrioventricular heart valve, which method comprises providing an angioplasty ring 
slsed and shaped to have a desired configuration, and implanting said ring at the mitral or 
tricuspid valve of a patient by implant ing a plurality of staples having pairs of legs in the 

15 patient's heart tissues so as to spatially position said angioplasty ring in a 

reconfiguration association therewith, while allowing the tissue in which said staples are 
implanted to have the ability to shift axialiy with respect to said ring-. 

In another specific aspect, the invention provides a system for fecoatIgi.?rati.ng an 
atrioventricular heart valve, which system comprises a partial or complete annulopiasly 

20 ring having a si?e and shape proportioned to reconfigure a heart valve of a patient that 
has become in some way incompetent, a pair of pledgetted trigonal sutures, and a 
1 " » < v , ^ w ,i p s kg I t s u t\j 'i<<. p>$ is <a ton with said 
ring at spaced locations along the length thereof in a manner that permits relative axial 
movement of said ring, whereby a patient's heart valve can be reconfigured in a manner 

25 that does not deter subtle shi ft tug of the native valve components. 

Brief Oescriptioa o f the Drawings 
FIG. 1 is a top perspective view showing a mitral valve with a pair of trigonal 
sutures extending from the commissures thereof, 

FIG. 2 is a plan view of an annulopiasly r ing that might be associated with the 
30 valve of FIG. 1 to reconfigure it. 

FIG. 3 is a perspecti ve view similar to FIG, 1 with the annulopiasly ring simitar to 
that shown m FIG. 2 located in desired association with the native anmuus of the 
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patient's valve, with the two trigonal sutures extending through a fabric covering of the ring. 

FIG. 4 is a view sinner to FIG. 3 showing the annalopiasty ring stapled in secure 
position. 

F iGS. 5, 5 A and 6 are front views of three dtlfererd staples thai aught be 
S employed to complete the implantation oft.be annuloplasty ring to the tissue of the 

patient, 

FIG. 58 is a side view of the staple shown in FIG. 5A. 

FIGS. 6A and 6B are perspective views of two additional styles of staples which 
faiiihi alternatively be used. 
10 FIG. 7 is a view similar to FIG, 1 showing a tricuspid valve with two trigonal 

FIG. 8 is o view similar to FiG. 3 with u flexible angioplasty partial ring 
associated with the valve of FiG, ?. 

FIG. 9 is a view similar to FIG. S showing the partial annoloplasty ring stapled 
1 5 into place with the trigonal sutures iigated thereto. 

FIG. 10 is a view similar to FIG. 1 showing a mitral valve with a partial 
annuloplasty ring in place and with the ends thereof associated with the trigonal sutures. 

FIG. 1 1 is a plan view of a single wire partial ani>uloplasty ring schematically 
illustrating the preferred systematic placement of staples in association therewith. 
20 FIG. 1 2 is a plan view of a fenestrated partial annulopiasfy ring, 

F.IG. 13 is a view similar to FIG. 1 0 showing the fenestrated partial ring of FIG. 
12 stapled in position with its ends li gated to the trigonal sutures. 

FIG. 1 4 is a view similar to FiG. 1 of a mitral valve showing a pattern of staples 
implanted from commissure to commissure along a section of the. Dative ring of the 
25 diseased .mitral val ve. 

FIG. 1 5 is a schematic view showing a needle attached to the lead end of a 
flexible anmuonlasty band disposed ie a sheath and ready to be routed from one 
commissure to the other through the pattern of implanted staples, with the tai l band being 
shown connected to the ends of the left-hand trigonal suture. 
30 FIG. 16 is a perspective view of the valve of FIG. 14 with the partial annuiopiasiy 

band of FIG. 1 5 located in place and with the sheath removed to show a pair of flexible 
wires, the ends of which are h gated to the respecti ve trigonal sutures, 

-5~ 
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Fix}. H Is a perspective view of an anchor that can be used with an aitoroath-e 
system embodying various features of the invention, 

FIGS. IS and 19 show two partial annuioplasty rings that may b« employed as 
part of such, system -along with the anchor posts shown hi FIG, 1 7,. 
5 FIGS, 20 and 21 are schematic perspective views showing the installation of a 

system incorporating a wire anmflopJasty ring similar to that illustrated is FIG. 19. 

FIGS. 22 and 23 are perspective views illustrating the system depicted In FIG. 20 
using an alternative shape- alloy memory staple. 

Detailed Description of the Preferred Embodim ents 

1 0 It has been found that, through the use of staples, preferably staples of a preferred 

design, an improved annuioplasty system can be created that can. be installed, with the 
use of only two U-shaped, pledgefted trigonal sutures, in less than one-half the time it 
presently takes to install the present generation of annuioplasty rings. For purposes of 
this application, the term "annuioplasty ring" is intended to include complete generally 

IS D-sbaped rings as well as open rings or bauds that may have a generally Oshape and 
which are rigid or .flexible; in any event, the annuioplasty ring that is usee,! will be 
proportioned so as to reconfigure an anioventricular heart valve that has become 
incompetent or in some other way detective. 

Heretofore, the incorporation of an annuiopksty ring has involved an operation 

20 that generally required about as ranch time in surgery as an actual total valve 

replacement. However, using the pjcseai invention, this time can be reduced by 50% or 
more, thus substantially shortening the time when the patient need be on artificial life 
support and making surgeons more willing to use an annuloplasty procedure whenever 
felt feasible. Installation according to the invention can be carried out by first positioning 

25 the annuloplasty ring In association with live annulus of die valve to be reconfigured and 
then applying the staples, or alternatively by first implanting a series of spaced apart 
staples along the valve annulus to create a desired pathway for an annuloplasty ring of 
open cotnlguralion and then routing such a ring through the staple-defining pathway. 
Me-hvds of using the first manner of implantation art; hereinafter first described, 

30 followed by the second manner of i acclamation. 
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FIG. 1 shows a mitral valve having a pair of trigonal piedgctted sutures 1. 1 
extending from the comrabsures thereof. Pledgetted 3utures which are placed at the 
respective commissures act both as markers which position the annuloplasty ring, and as 
tie-down sutures that are iigated at the completion ofthe implantation operation. Such 
S are the only two a-.st-.irss that are employed in implanting a closed armuloplasiy ring such 
as the ring B shown in FIG. 2. The ring 13 has a core 15 that is suitably covered. The 
core 15 may be solid or may contain a coiled helical spring oi the like as known in this 
art. if a flexible ring is desired. The ring 1 3 is of generally circular cross section; 
however, rings of different cross sections may be employed as described hereinafter. The 

10 core may be covered wish a thin layer 1 7 of a- biocompatible fabric, such, as woven 
polyester, which fabric may optionally be associated with expanded 
po lytetraf hsoroethyleoe sheet material. Suture needles 1 S at the opposite ends of the 
trigonal statues 1 1 are threaded through the fabric 1? as shown in FIG. 3. The sutures 
are later Iigated once the ring has been secured in place by attachment to the valve 

15 anuulus via staples. Alter gauging the valve to select, the proper size ring 13, the 

annuloplasty ring is located in association with the native annul us of the patient's valve 
as shown in FIG. 3, with the two trigonal sutures 1 1 extending through the fabric 
covering 17 ofthe ring. 

Once the annulopiasty ring is positioned in contact with the araulus ring ofthe 

20 mitral valve to be reconfigured, it is quickly secured in the exact desired position by the 
implantation of staples l<>. the staples in this embodiment are individually secured to the 
valve tissue at spuced apart locations about the entire length ofthe rings<.> as to spatially 
secure it radially while allowing the tissue to move axially ofthe ring. Surgical staples 
may be implanted using any suitable commercially available surgical stapler of which 

25 there are quite a variety being marketed today. Examples of such staplers include those 
shown in U.S. Patents "Nos. 5,78237 and 5. 918,791. 

Once about 7-10 spaccd-spart staples 19, which may be of any, suitable design, 
have been applied about the ring 13 along, its entire length to secure the ting radially 
about the valve, as shown in FIG, 4, the two trigonal pledgetted sutures 11 are Iigated to 

30 the annulopiasty ring. Ligation completes the implantation, arid trie entiie operation will 
take less than one -half the time it takes to presently install a similar araaiioplasty ring 
using a myriad of sutures as is currently common practice. 
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Although a variety of staples may be employed as generally known io the surg ical 
stapling art, ceretm preferred staples are illustrated hereinatler. FIG. 5 illustrates a staple 
21 having a pair of legs 23 that are ib-rmed with two hrwardiy protruding, opposed bends 
25 which are located ai the tissue surface, to their operative orientation, the legs create a 

5 portal 27 that will be located above the surface of the tissue to which the armuloplasty 
ring is being secured. The staple 21 will preferably reasonably closely surround the ring 
1 3. which may be of circular cross-section, so as to effectively re&toin it against 
movement in a radial direction while allowing free relative movement of the staple (and 
thus the valve tissue) along the length of the ring. Free ends 28 of the two legs 23 of the 

10 staples are customarily pointed., and they may be originally or subsequently curved at the 
lime of unplantation so as to secure the staples in the tissue. Preferably, the staples 21 
are made of a shape-memory material, such as taught in U.S. Patent No. 4,485,816, the 
disclosure of which is incorporated herein by reference; for example, they may be made 
ofNitanoh For example, the staples may be originally formed in their desired closed 

15 shape and subsequently cooled below a transition temperature before deforming them 
into an open shape. .A tier placement in the valve tissue., the staples 2 I vol! revert to the 
closed shape, and they will be capable of generating sufficient stress to penetrate through 
the tissue in which they reside so thai the .tree etuis 28 assume a secure orientation. More 
preferably, the free ends 2S of the staples are formed so as to interlock with each other, as 

20 by providing, interlocking barbs 28a, and such interlocking can be designed to occur as a 
result of the shape- memory material reverting to its originally formed shape. Most 
preferably, the staples 21 are formed of a metal material having legs 23 with fiat surfaces 
of a substantial width. Barbs 28a protrude from facing surfaces, and the legs are 
designed so that the free ends will overlap each other, preferably one above the other so 

25 thai the interlocking of the barbs will occur hi the plans of the staple 2 1 irseJf. 

FIG. 5 A. shows a generally similar staple 29 which might be preferred when 
staples are to be first implanted in spaced apart locations; along the valve atmuhxs to 
create a desired pathway for an anauiopksty ring of open configuration, as described 
hereinafter. The staple 29 has a closed upper ring section 29a that is appropriately siaed 

30 to provide an opening to which an annuioplasty ring might be attached, as described 
hereinafter. The ring surmounts a pair of curved legs 30 which terminate in free ends 
similar to tiie harried free ends 2?i of the staples 21 . To positively prevent the staple from 
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bein e driver: too deeply into the- fissue, a pair of oppositely ex lending wing? 31 are 
provided which extend transversely outward prefer ably perpendicular 10 the plane of the 
staple, as best seen in FIG. 5B The wings will engage the surface of the tissue and limit 
the depth of implantation of the staple to that desired. Implantation of the staples 29 

f o j i 0° \ ^ i Is ti li\>tl\« + X vi ^ '.a <\\ >C< C\*>.<_ 

In the embodiment show; - m F.K.1. 6, a staple 33 of simpler configuration is 
sbown. The staple 33 is generally circular is shape, so proportioned to surround the 
perimeter of" a circular cross-section annuloplasty ring, and its two spaced-apart free ends 
35 tu'v; formed with barbs 3? of the type commonly found at the end of a standard fish 

iO hook. Accordingly, these staples 33 c&u be readily implanted rising a surgical stapler of 
the. type commonly employed; they need not be made of a shape -memory material, as 
they cars be essentially clinched in place by standard stapling action. 

T wo additional staple designs having advantageous features are illustrated in 
perspective views labeled FIGURES 6A and 6B. Illustrated in FIGURE 6A is a staple 

\5 design 1 31 which general!;/ resembles staple 21 without the two interior bends 25. The 
staple .has two free ends 123, which carry laterally extending barbs 135. The staples 121 
would be similarly placed, so thai the annuloplasty ring would reside in the bight, of the 
staple and the free ends would cross. As a result of the design, the laterally extending 
barbs 125 would interengage, thus locking ibe- staples in place, with the barbs embedded 

30 In the heart tissue. The staples could be made of a shape-memory material, or they could 
be made of a high grade stainless steel or the like and crimped by a suitable surgical 
stapling tool Illustrated in FIGURE 6B is a staple 133 that generally resembles staple 
33. The staple similarly has a pair of spaced apart tree ends 135 thai are formed with 
barbs 137. In this arrangement, the staples 133 are similarly placed so that the 

35 angioplasty ring resides in the bight of the staple, but in this arrangemew, one free end 
135 extends in one direction and the other See end. extends in the essentially opposite 
direction, both which directions are essentially parallel to the axis of this section of the 
annuloplasty ring. Again, the staples 1 33 can be formed from a shape-memory material 
which will then inherently assume this orientation, or they may be made of stainless steel 

30 or the like and implanted using a tool w hich causes this particular deflection of the 
respective free ends. 

The implantation of a partial ruinuloplasty ring or band in conjunctive with a 
tricuspid valve is illustrated and described with respect to FIGS. 7-9. In FIG. 7, a 
tricuspid valve is shown with two double-armed 2,o pledged ed sutures 41 pulled for 
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i \m ' n ! f. k'nI^jx .v.\ o t v ei' e 1 . e<„ <u a m'v x o.e ual ring 
45 desired is determined. The two trigonal sutures 41. are then sutured to the ring 43 at 
the appropriate sites using, suture needles 44 integrally attached to the ends thereof* and 
the ring 43 is lowered into association with the annulus of the valve as shown in FiG. 8. 
5 Staples 45 as described hereinbefore are radially placed around the annuitss in the 

sequence illustrated in FIG. I 1 . the sequence of placement being indicated alphabetically, 
slatting with "A". More specifically, a staple 45 is first placed at the midpoint of the 
ring, and then two staples 45 are placed halfway between the midpoint and each end at 
the "3" locations. Thereafter, additional staples 45 are placed equklisuutl between pairs 

10 of existing staples or between the end of the ring and the nearest staple, k two separate 
series, i.e. *'C" and then "D'\ until the illustrated pattern is achieved. By placing the 
staples 45 in such aseqtters.ee, .maximal anchoring symmetry is obtained which results in 
maximal coaptation of the leaflets and competent valve operation. Oocc all of the staples 
45 are m place, bo tit trigone anchoring sutures A 1 are ligated, as depicted in FIG. 9, As 

15 shockl be apparent, litis simplified procedure can be completed in a fraction of the time 
needed for traditional aunuloplasty ring implantation. As a result of the procedure, the 
incompetent valve has been effectively reconfigured while subtle relative movement is 
still permitted between the stapled tissue and the annul opiasty ring in a direction axial of 
the ring, assuring excellent inierengagemeni of the leaflets. 

20 FiG. 10 illustrates a mitral valve with a partial angioplasty ring 51 in place, 

similar to the one described with regard to the tricuspid valve. The pledgetted trigonal 
sutures 53 will be ligated to the ends of the generally C- shaped ring as described 
hereinbefore, following placement of the confining staples 55. 

FiG. 1 1 shows an alternative type of single wire partial annubplasty ring 57 in 

25 combination with a pattern of staples to which reference was earlier mads to describe the 
strategic sequential placement of staples 45 about an annulus. Those staples 45 can be 
implanted in locations straddling the wire, or staples 29 might be used having openings 
in {be ring sections stum that site wire may be passed therethrough. Instead of attaching 
trigonal sutures to a fabric covering as was previously described with respect to other 

30 such rings, the single wire partial annuloplasly ring 57 is provided with a pair of ears 58 
at each end which are preferably he aperiuredte facilitate the ligation of the trigonal 
sutures thereto after they are threaded therethrough. The "A'" staple is placed first, 
followed by the two U B" staples, followed by the four "C" staples, etc. 

Illustrated in FIG. 12 is a fenestrated partial annuioplasty ring 61 made of a 

35 suitable metal alloy material, e.g. titanium or Nittnoi. The generally C-shaped partial 
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ring 61 has a plurality of elongated windows 63 nmtiing down its spme for its entire 
length., and a pair of apenured ears 65 are provided at each end to facilitate attachment of 
trigonal sutures 67 thereto. The windows 63 are proportioned so thai a staple 69 can be 
located generally at the midpoint of each window, with one leg of the staple protruding 
through the window and with the staple preferably straddling the radially caster edge of 
the fenestrated, ring as iHusf.rat.6d in FIG. 13. The ring 61 can be flat, but it may 
advantageously he frasioeonicah being disposed at an angle of about W to about 60° 
(and preferably between about 1 0* to about 45'') to the horizontal (i.e, to the plane which 
•s perpendicular to the- axis of the valve}. Either the smaller or the larger diameter edge 
may be implanted closest to the valve opening, as there is great variation in the mitral 
valves of different patients. With the mitral valve reconstruction shown in FIG. 1 3, the 
larger diameter radially outer edge faces the valve opening. Once all of the desired 
staples 69 are m place, generally one with respec t to each window, the pie-i.lgett.ed 
trigonal sutures 67 are Hgated to the attachment ears 65 at the respective ends of the 
partial ring. As can be seen, the elongated windows 63 allow free relative axial 
movement between the edge ofthe fenestrated band and the staples, which are secured in 
the heart valve tissue. Again, the staples 69 can be any of the types depicted in FIGS. 5, 
6, 6A and 6B. or they can be ofthe general surgical variety as it is unnecessary for them 
to provide a defined portal or bight-shaped to particularly surround the circumference of 
a circular cross-section band. 

Illustrated in FIGS. 14-16 is an alternative procedure that may be used to implant 
a partial, annuicplasty ring, which procedure is shown, as being carried out to reconfigure 
( \n i <. -< \'t *. n a >< k "tot tav\> it V 1 il vuiw K\ b * t ^n- <.v» i 
horn commissure to commissure. More specifically, the two trigons ! T" of the valve are 
identified, and two double-armed 2.0 pledgeued statues 73 are placed., as in .FIG. 2, and 
pulled for retraction. The mitral ring is identified and if necessary is pulled with the help 
of a skin hook. Staples 71 are then placed radially around the unmuus from commissure 
to commissure as illustrated in FIG. 14. Staples ofthe style of the staples 29 may be 
used. The two needles ofthe trigonal suture 73 on the lefi-hand side are then threaded 
through holes provided in ears 75 in a connector at each end of a sheathed wire system 77 
which may include one or two or mors wires 79 which will have sufficient, flexibility to 
permit them to he routed through the pathway provided by the partem of staples 71 . The 
wires maybe made of a metal alloy or of polymeric material, and they optionally may be 
of a shape-suemory material, such as Nilinol. Their necessary length is determined by 
gauging the- valve, and the wire system is constructed to provide points of attachment at 



-11- 



WO ilMtfSIM 



I^C'iVIBi&'ttf??!* 



the tail end, e.g. apertured ears 75, through which the two trigonal suture needles can be 

passed. 

The leading end of the parikil band system 77 is elongated to provide an 
introduction portion Si at the end of the sheath which envelopes the right-hand end of the 
5 two-wire system and has a needle 83 threadably connected of its tip end. The needle S3 
enables the rooting of the wire system 77 between the bights of the staples 71 and the 
surface of the tissue in which the staples are implanted. Routing begins at tlie left-hand 
end and proceeds through the entire pathway to the opposite commissure. When, the end 
of the wire system 77 protrudes through the last staple, the sheath portion of the system is 

it) removed to expose the pair of apertured ears "5 at the leading end and the pair of wires 
79 that extend end-to-end and constitute the annuloplssty hand. Once the trigonal 
anchoring sutures 73 are Hgated to die attachment ears, the installation, is complete. If 
the wires 79, which make up the wire system arc of shape-memory material, they will 
then slowly assume the desired shape into which the valve is to be reconfigured, and 

.1 5 some heating can be supplied, but should not likely be necessary. Once the heart has 
been closed, and the heart begins to beat on its own, the shape of the valve will steadily 
improve to an optimum configuration where it is fully competent. 

Illustrated in FIGS. 17-22 is a further alternative, procedure which obviates the 
need to employ a pair of piadgetted sutures tor ligation at the tngons. Instead, individual 

20 anchors 35 are employed that can be quickly inserted into the tissue precisely at the 

t argon and thereafter employed to mount the ends of an open annuloplastyring of a type 
designed to permit some initial adjustment by the surgeon at the rime of implantation so 
as to achieve the precise sizing desired. FIG. I? shows an anchor S5 which may be 
employed for this purpose, Die anchor Includes a circular bass 87 from which a pointed, 

25 barbed shaft 89 depends which is designed to become affixed in the tissue. Once the two 
trigons have been identified with close precision, one of these anchors is implanted at 
each trigone. The illustrated shah 89 carries three barbs 91 extending outwardly 
therefrom and equiangtuarly spaced apart, e.g.. by about 120". The pointed shaft. 89 
protrudes into the tissue to the desired depth, with the undersurface of the circular base 

30 87 tightly abutting the surface of die tissue, and the design of the barbs 91 is such to 
resist any upward withdrawal of the anchor. Carried on the upper surface of the anchor 
base S? are three initially pantile! rods 93 made of a shape-memory alloy such as "Nkinoi. 
In their initial configuration, the rods 93 are parallel to the shaft and are surrounded by a 
restraining sleeve 95 which is removable as described hereinafter. Once the two anchors 
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85 have been implanted, the surgeon measures the distance about the valve atmuius from 
anchor 10 anchor and selects the size of an open annuloplasiy ring. 

Illustrated in FIG. IS is a fenestrated ring 97 particularly designed for 
implantation with this anchor system. The partial anmdopiasty ring 9? resembles thai 
5 shown in FIG. 12. being made of similar metal, and a plurality of windows 99 run down 
its spine for its entire length. However, the ring has a pair of aligned circular holes 101 
in each end which are sized so as to fit over the sleeve 95 which is restraining the three 
unsianding rod;::. The surgeon chooses one of the holes at each end for the initial 
installation and starts inserting staples along the ring using the sequential placement 

10 described hereinbefore, After the A and B staples have been installed, the surgeon 
checks the fit, and if it is felt that the ring is too large, the second hole 101 on one end 
can be placed over the anchor and the checking repeated. In the unlikely a-jstan.ee that a 
would still be too large, a further adjustment can be tnade by moving the other end of the 
fenestrated ring 97 to the second hole 101, The remaining staples are inserted, and the 

i 5 restraining sleeves 95 are removed from the groups of posts at each anchor. Body 

temperature causes the posts 93 to assume a generally C-shape bending around, and over 
the adjacent sections of the fenestrated ring that form the perimeters of the holes 101 and 
securely fastening both ends to the tissue. 

Illustrated io FIG. 19 is a wire ring-type aim uiopiasty ring 1 05 simitar to the wire 

20 ring 67 described with respect to FIG. 1 1 . The major difference is that ape-tared cars 
107 ;.d each end arc ax tally aligned with the wire itself. Implantation of the dug is 
preferably carried out. generally similarly to thai just described; however, alternatively, 
staples could be initially implanted in the tissue to define the desired pathway and then 
one end of the wire ring threaded through the path, as previously described with regard to 

25 FIGS. 14-16. Again, once the two anchors 85 have been implanted at the precise 

locations of the frieons, the surgeon makes the measurement to determine the length of 
the rsng, and a suitable wire partial ring 105 is selected and installed, as depicted in FIG. 
20. For simplicity purposes, the illustrated wire ring 105 : is shown as having only a 
single speruired ear; ii should be understood that the preferred embodiments have two 

30 aligned apertured ears 107 as shown in FIG, 19 to permit adjustment. Once the wire ring 
is suitably aligned, barbed staples 109 are inserted at generally equal distances apart 
along the ring using the sequential placement procedure previously described. Once a 
predetermined number of staples 109 are in place, the surgeon checks the length, and if 
desired, shortening can be effected by repositioning one or both ends ofihe "wire ring I OS 

35 to place the second aperture 107 from the end over the -upstanding posts of the anchor 85. 
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Thereafter, the restraining sleeve 95 is removed, as schematically shown in FIG. 21, and 
the temperature causes the shape-memory alloy posts 93 to curl over the edges of the 
apertured ears 107, locking each ear to the upper surface of the base of the anchor. 

FIGS. 22 and 23 illustrates the alternative use of barbed staples 1 13 made of a 

5 shape-memory alloy such as Nitutol, The staples 113, when implanted, would have the 
U-shapo depicted In FIG. 22 in the right-hand view. The shape-memory alloy staples, 
upon warming to a temperature of the heart tissue, begin to slowly close as depicted in 
the middle view until they reach the closed configuration where the barbs irJ.sr.iock, as 
shown in the left-hand view and described hereinbefore. As depicted in FIG. 23, these 

10 shape-alloy memory staples 1 1 3 would thus securely fix the pathway for the wire ring, 
-and once- it was decided that either no adjustment was necessary to the length or once 
such adjustment was made by selecting a different one of The pair of apertured ears, the 
restraining sleeve 95 would be removed so the three parallel posts 93 shown in FIG, 23 
would then automatically curl radially outward to wrap around the edges of the 

1 5 respective apertured ear and assume the final orientation depicted in FIG. 21 , 

Whereas, horetcfoie when it was deemed feasible to avoid replacement of a valve 
that had become incompetent by implantation of an aimuloplasiy ring, this operation has 
been greatly facilitated via the use oft.be previously described stapling procedures. By 
reducing the time of such phase of an operation by 50% or more, side effect* of being an 

20 artificial life support are greatly lessened, and full recovery is si gnifscantly hastened. 

Although the invention has been described with regard to certain preferred 
embodiments, it should be understood that various changes and modifications that would 
be obvious to one having the ordinary skill in this art may be made? without departing 
from the scope of hie invention which is defined in the claims appended hereto. For 

25 example, although only certain specific staple shapes have been illustrated, it should be 
understood that a wide variety of staples, made optionally of $hape~aiioy materia], may 
be employed as the surgical stapling has become a well developed, art. There are 
commercially available a number of custom designabie staplers which can be employed 
to anchor anrsuloplastv rings while working at 3 distance of 25-35 centimeters front the 

30 annul us of a mitral valve. The disclosures of all U.S. patents mentioned hereinbefore are 
expressly incorporated herein by reference. 

Particular features of the invention are emphasised in the claims that tbiiosv. 
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CLAIMS 

1 . A method of reconfiguring an atrioventricular heart valve, which method 
comprises 

providing an aruiuloplssiy ring sized and shaped to have a desired 
configuration, and 

implanting said ring at the initial or tricuspid valve of a patient by 
implanting a plurality of staples ha ving pairs of legs m the patient "s heart tissues so as to 
spatially position said angioplasty ring in a reconfiguration association therewith, while 
providing the tissue, in which said staples arc implanted, the ability to shift ax tally with 
respect to said ring. 

2. The method of claim i wherein said ring is secured directly to the heart 
tissue by sutures iocaied at the algous of die valve. 

3. T he method of claim 2 wherein said aramlopiasty ring is a partial ring and 
said trigonal sutures are respectively Hgated to the opposite ends of said partial ring. 

4. The method of claim 3 wherein said staples are implanted in association 
with said partial ring in accordance with a pattern wherein th& first staple is implanted 
neat the midpoint of said partial ring and a pair of staples are next implanted at about the 
halfway points between said midpoint and the respective ends. 

5 . The method of claim 4 wherein the rema inder of the staples are 
respectively positioned so as to be approximately equidistant between two already 
implanted staples or between an already implanted staple and said end of said partial 

6. Trine method of any one of claims 1-5 wherein said staples each, have u pair 
of inwardly protruding opposed aims that form a portal extending above the tissue 
surface into which the staples are implanted, said portal being sized to allow,' said ring to 
move lAxiahy thcrewithin. 
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7. The method of claim 6 wherein said staples are formed of a shape- 
memory material and said legs assume a secure angular orientation within the tissue 
following iinplsutat iot5 . 

8. The method of claim 7 wherein said legs of said staples have free ends 
5 that form an interlocking orientation foli.owi.ug implantation. 

9. The method of any one of claims 1-S wherein said annuloplasty ring is 
fenestrated, being formed to have elongated window's, and wherein said staples are 
implanted with one leg of each extending through one of said windows, 

1 0. The method of any one of cl aims 1 -9 wherein said ring is secured directly 
10 to the heart tissue by anchors implanted into the upper surface of the tissue. 

i 1 A method of reconfiguring an atrioventricular heart valve, which method 
comprises 

implanting staples along a portion of the annulus of the mitral or tricuspid 
valve of a patient in a pattern extending frern one commissure to an opposite commissure 
to provide a pathway therebetween, said staples being implanted in spaced apart 
locations and extending above the tissue surface so as io provide a series of open portals, 

routing a flexible wire of shape-memory material through said portals so 
as to extend along said path from commissure to commissure, and 

securing the respective ends of said wire to sutures installed in the heart 
tissue at. each trigone, 

said shape-memory alloy assuming the desired curvature to serve as a 
partial annulopiasty ring following implantation. 

1. 2, The method of claim 1 1 wherein opposite ends of said shape-memory 
material wire -are provided with points of attachment at which said sutures are ligated. 

25 13. A system for re-configurating art atrioventricular heart valve, which system 

comprises 

a partial or complete annuloplasiy ring having a .size and shape 
proportioned to reconfigure a heart valve of a patient thai has become in some way 
incompetent 

~!.6~ 
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a pair of trigonal sutures or iniolaiiiable anchors, and 
a plurality of staples having pairs of legs that are sized and shaped for 
association with said ring at spaced locations along the Length thereof in a manner that 
permits relative axial movement between said staples arid said ring, 
5 whereby a patient's heart valve can be reconfigured in a. manna' that does 

not deter subtle shifting of the native valve components, 

1 4. The system according to claim 13 wheto o \ *k ^ aph o c< % 1 no * 
inwardly protruding opposed arm* that form a portal v\tc < ^ a» on v he 1 \u o *u 

dssiJt .nto v. aich tin. \upleN <.«<. hunuutce. 

10 15, The system according to claim 1 4 t herein said staples are made of a 

shape-memory alloy material. 

16. The system according of claim 15 wherein said legs have free ends which, 
assume a secure angular orientation to the major length thereof following implantation in. 
the tissue of the patient. 

1 5 I ?. The system according to claim 1 6 wherein said legs have free ends that 

form an interlocking orientation following implantation. 

1?. The system according to anyone of claims 13-17 wherein said 
annnkipiasty ring is a partial ring. 

19. The system according to claim IS wherein said part ial ring is fenestrated, 
20 having a plurality of spaoeti-apart elongated windows. 

20. The system according to claim 18 or 1 - wlv:o:u a pan cfsxUpr* has-lnu 
shape-memory posts are included and wherein said p.uh.t! « ir.a ha* pau of aliened I * >},..•> 
at one end which are proportioned to ill over said posts uud xKima adiivcnxot oft'te 
effective lengtli of the partially installed ring. 
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